Increased hepatic functionality of the human hepatoma cell line HepaRG cultured in the AMC bioreactor.
The clinical application of a bioartificial liver (BAL) depends on the availability of a human cell source with high hepatic functionality, such as the human hepatoma cell line HepaRG. This cell line has demonstrated high hepatic functionality, but the effect of BAL culture on its functionality in time is not known. Therefore, we studied the characteristics of the HepaRG-AMC-BAL over time, and compared the functionality of the HepaRG-AMC-BAL with monolayer cultures of HepaRG cells, normalized for protein (bioactive mass) and DNA (cell number). Histological analysis of 14-day-old BALs demonstrated functional heterogeneity similar to that of monolayer cultures. Hepatic functionality of the HepaRG-AMC-BALs increased during 2-3 weeks of culture. The majority of the measured protein-normalized hepatic functions were already higher in day 14 BAL cultures compared to monolayer cultures, including ammonia elimination (3.2-fold), urea production (1.5-fold), conversion of (15)N-ammonia into (15)N-urea (1.4-fold), and cytochrome P450 3A4 activity (7.9-fold). Lactate production in monolayer cultures switched into lactate consumption in the BAL cultures, a hallmark of primary hepatocytes. When normalized for DNA, only cytochrome P450 3A4 activity was 2.5-fold higher in the BAL cultures compared to monolayer cultures and lactate production switched to consumption, whereas urea production and (15)N-urea production were 1.5- to 2-fold lower. The different outcomes for protein and DNA normalized functions probably relate to a smaller cell volume of HepaRG cells when cultured in the AMC-BAL. Cell damage was 4-fold lower in day 14 BAL cultures compared to monolayer cultures. Transcript levels of cytochrome P450 1A2, 2B6, 3A4 and 3A7 genes and of regulatory genes hepatic nuclear factor 4α and pregnane X receptor increased in time in BAL cultures and reached higher levels than in monolayer cultures. Lastly, metabolism of amino acids, particularly the alanine consumption and ornithine production of HepaRG-AMC-BALs more resembled that of primary hepatocytes than monolayer HepaRG cultures. We conclude therefore that BAL culture of HepaRG cells increases its hepatic functionality, particularly when normalized for biomass, both over time, and compared to monolayer, and this is associated with a reduction in cell damage, upregulation of both regulatory and structural hepatic genes, and changes in amino-acid metabolism. These results underline the potential of HepaRG cells for BAL application.